Background: The subject's inherent growth pattern can be an effective factor in characteristics of smile. More vertical growth in the posterior maxilla than in the anterior maxilla could result in a changed relationship between the occlusal plane and the curvature of the lower lip upon smile. In order to broaden the understanding of how smile gets affected by growth pattern and the underlying hard tissues, the present study was undertaken to compare smile in various growth patterns, to determine sexual dimorphism, if any; as well as to correlate smile with underlying hard tissues.
Background
The smile is one of the most important facial expressions and is essential in expressing friendliness, agreement, and appreciation. A smile when pleasing and attractive to observers enriches not only the one who smiles but also those who view it. An attractive or pleasing smile clearly enhances the acceptance of an individual in the society by improving the initial impression in interpersonal relationships [1] . The esthetic considerations are paramount in treatment planning; however, rigid rules cannot be applied to this process because almost an infinite variety of faces could be esthetic [2] .
There are two forms of smiles-the enjoyment or Duchenne smile and the posed or social smile. The posed smile is voluntary and not elicited by an emotion. In other words, it is reliably reproducible and can be sustained [3] . Posed smiles, therefore have importance in orthodontic diagnosis and treatment planning. The unposed or social smile, however, is involuntary and is induced by joy or mirth. It is a natural response as it expresses authentic human emotion. Unlike the posed smiles, these smiles are not sustained.
The vertical aspects of smile anatomy are the degree of maxillary anterior tooth display (Morley ratio), upper lip drape, and gingival display. In a youthful smile, 75-100 % of the maxillary central incisors should be positioned below an imaginary line drawn between the commissures [4] . Both skeletal and dental relationships contribute to these smile components. The present study was undertaken to compare smile in various growth patterns, to determine sexual dimorphism, if any; as well as to correlate smile with underlying hard tissues.
Methods
In this cross-sectional study, a total of 150 subjects were selected amongst the students studying in Dental College and the outpatient department of the College. Selected individuals ranged in age of 17-25 years had class I molar relation, well aligned anterior teeth, presence of all permanent teeth except third molars, no gross facial asymmetry, with no previous orthodontic treatment, and no history of facial trauma, plastic surgery, or orthognathic surgery.
Selected subjects were first taken for videography using Sony digital camera (DSC-H20, Sony Corp. Japan). Signed consent of the subjects was taken on using video for research purpose. The method used for videography here was as described by Sarver and Ackerman [2, 5, 6] . The subjects were instructed to hold their head in natural head position by looking straight into an imaginary mirror [7] . The camera lens was adjusted parallel to the apparent occlusal plane and focussed only on the dentofacial complex (corresponding to the area from the nose to the chin) ( Fig. 1) . Included in the captured area were two rulers with millimeter markings. These two rulers were made to fit perpendicular to each other in order to help minimize any error. If the subject was unable to hold the ruler perpendicular in one dimension to the angle in which the dynamic record was taken, the second ruler would still be perpendicular to the camera.
Recording was started about 1 s before the subject began to smile and continued till the end of the smile.
The video clip was downloaded to laptop (Dell, Inspiron) and uploaded to video-editing software program (DVD VideoSoft Studio) (Figs. 3 and 4 ) to obtain frames of smile. Each frame was analyzed and the frame showing the subjects' widest commissure to commissure was chosen as posed smile. These frames were converted into a JPEG file using the same video-editing software program (DVD VideoSoft Studio) (Fig. 2) . The approval was taken from Institute Ethics Committee whose students were involved in the study.
The lateral head cephalogram of the selected subjects were taken with radiograph machine Villa (Italy, Strato 2000) using a standardized technique.
The cephalometric tracings were carried out, and the following cephalometric landmarks and planes were used in the study (Figs. 3 and 4) . The parameters used to classify subjects in different groups are shown in Table 1 .
Based on these three parameters, the subjects were divided into six groups: 
Standardization of image
Each JPEG file of the selected subjects were opened in Adobe Photoshop CS2 (Adobe Systems, San Jose, California) and was adjusted by using the ruler option in the frame. The method used to standardize the image was as described by Desai et al [8] . First, the resolution was changed to 300 pixels per inch by going to "image > image size." Then, the ruler function was chosen and set to millimeter which can measure a minimum of 0.1 mm length. On the parallel end of the ruler, a 10-mm area, close to the smile, was measured. That number was divided into 10 (10/measurement on JPEG file) and multiplied by the width value found in image size screen (image > image Fig. 1 Video camera set on a tripod at 4 ft distance from the subject in sitting position Fig. 2 Video to JPEG converter size). The resulting number was copied and pasted in place of the width reading, and the changes were applied to the JPEG file (Fig. 5) . In Adobe Photoshop, the following parameters of the selected subjects were measured and entered into Microsoft Excel to evaluate smile:
1. Maximum incisor exposure [9] : the amount of vertical display of the maxillary right central incisor (Fig. 6 ). 2. Lower lip to maxillary incisor [9] : vertical distance from the deepest midline point on the superior margin of the lower lip to the maxillary right central incisor edge (Fig. 7) . 3. Interlabial gap [9] : the distance between the most inferior portion of the tubercle of the upper lip and the deepest midline point on the superior margin of the lower lip (Fig. 8 ). 4. Maxillary intercanine width [9] : the distance from the distal aspect of the right canine to the distal aspect of the left canine (Fig. 9 ). 5. Width of all visible maxillary teeth [9] : the distance from the distal aspect of the most posterior visible tooth on the right to the most posterior visible tooth on the left side of the maxilla (Fig. 10 ).
6. Smile width [9] : the distance from outer commissure to outer commissure on smile (Fig. 11 ). 7. Smile index [9] : smile width/interlabial gap (Fig. 12 ). 8. Right and left buccal corridors [9] : the horizontal distance from the distal aspect of the canine to the respective outer commissure (Fig. 13 ). 9. Right and left posterior corridors [9] : the horizontal distance from the distal aspect of the most posterior tooth visible on smile to the respective outer commissure (Fig. 14) . 10. Buccal corridor ratio [9] : intercanine width/smile width (Fig. 15 ). 11. Posterior corridor ratio [9] : visible maxillary teeth width/smile width (Fig. 16 ). 12. Upper vertical lip thickness [9] : the vertical distance from the most superior peak of the lip to the most inferior portion of the tubercle of the upper lip (Fig. 17 ). 13. Lower vertical lip thickness [9] : the vertical distance from the deepest midline point on the superior margin of the lower lip to the most inferior portion of the lower lip (Fig. 18 ).
Double determination for assessment of inherent error in measurements was done on 20 random photographs 
Results
The smile parameters of male and female were compared in all three growth patterns as shown in Tables 2,  3 , and 4.
As seen in Table 2 , lower lip to maxillary incisor distance, interlabial gap, total width of visible teeth, posterior corridor ratio, and lower vertical lip thickness were significantly higher in males as compared to females in average growth pattern group.
According to Table 3 , total width of visible teeth, smile width, buccal corridors left and right and lower vertical lip thickness were significantly higher in males as compared to females in horizontal growth pattern group. Table 4 shows upper incisor exposure, interlabial gap, inter canine width, total width of visible teeth, posterior corridors left and right, and lower vertical lip thickness were significantly higher in males as compared to females in vertical growth pattern group.
Comparison of males in average group with horizontal growth pattern group and vertical growth pattern group was done separately as shown in Tables 5 and 6 , respectively. Also comparison of females in average growth pattern group with horizontal growth pattern group and vertical growth pattern group was done separately as shown in Tables 7 and 8, respectively. According to Table 5 , upper incisor exposure and interlabial gap were significantly higher in males of average growth pattern group as compared to males of horizontal growth pattern group. Upper vertical lip thickness was significantly higher in males of horizontal growth pattern group.
As seen in Table 6 , upper incisor exposure, upper incisor to lower lip distance, interlabial gap, and upper vertical lip thickness were significantly higher in males of vertical growth pattern group as compared to males of average growth pattern group. Buccal corridors left and right and posterior corridors left and right were higher in average growth pattern group. Table 7 shows upper incisor exposure and interlabial gap were significantly higher in females of average growth pattern group as compared to females of horizontal growth pattern group. Upper vertical lip thickness was significantly higher in females of horizontal growth pattern group.
As shown in Table 8 , upper incisor exposure, upper incisor to lower lip distance, and interlabial gap were significantly higher in females of vertical growth pattern group as compared to females of average growth pattern group. Posterior corridors left and right were higher in average growth pattern group.
These results clearly show that the vertical parameters of smile were highest in vertical growth pattern group and least in horizontal growth pattern group in both males and females.
Correlation between smile parameters and skeletal parameters of males in average facial growth pattern group, females in average facial growth pattern group, males in horizontal group, females in horizontal growth pattern group, males in vertical growth pattern group, and females in vertical growth pattern group is in Additional file 1.
Interlabial gap, when correlated with cephalometric parameters, was found to be positively correlated with overjet in average facial growth pattern group of males and was positively correlated with posterior facial height in average facial growth pattern group of females. The interlabial gap was positively correlated with lower anterior facial height in males having horizontal facial growth pattern and no correlations with other cephalometric measurements in females having horizontal facial growth pattern. In the vertical facial growth pattern group, interlabial gap was positively correlated with Yaxis and lower vertical lip length in males but insignificant correlations amongst females.
The incisal edge of the maxillary incisor to lower lip distance was found to be positively correlated with mandibular plane angle in average facial growth pattern group of males and was positively correlated with overjet in average facial growth pattern group of females. It was also positively correlated with palatal plane angle of females in horizontal facial growth pattern group. Based on these tables, it can be inferred that saddle angle and lower incisor to NB (angular and linear) was not found to be related to smile parameters and also upper incisor to NA (angular) was found to be positively correlated with upper lip vertical in females of all the three groups.
Discussion
To study a smile beyond static pictures, capturing a dynamic smile [2, 7, 10] was used, thus avoiding the inherent error of a single snapshot. The variables of smile were significantly affected by the facial growth pattern in this study.
Upper incisor exposure
The upper incisor exposure was less in females when compared with males in all three groups and this difference was significant in vertical facial growth pattern group. This is contrary to the findings of Vig and Brundo [11] , Peck et al. [12, 13] , and Balani et al [14] , whereas the above finding is supported by a study done by Weeden et al. [15] , where the results demonstrated that males exhibited greater amount of facial movements than females thus increasing the incisal display on smiling.
Incisal display
The incisal display significantly increased from horizontal to average to vertical facial growth pattern, with least incisal display in horizontal facial growth pattern subjects and maximum in vertical facial growth pattern subjects for both males and females. Contrary to this, Mc Namara et al. [16] found that the vertical display on smile of the maxillary right central incisor could not be correlated with the skeletal vertical dimension, as measured from nasion to menton and from anterior nasal spine to menton.
On correlating upper incisor exposure with cephalometric parameters, it was found that the upper incisor display was negatively correlated with posterior facial height and Jaraback's ratio of males in horizontal facial growth pattern group but not in females and it was positively correlated with overjet, Y-axis, and palatal plane angle of males in vertical facial growth pattern group.
Incisal edge to lower lip distance
The incisal edge to lower lip distance was less in females when compared with males in all three groups and this difference was significant in average facial growth pattern group. This is supported by the findings of Vig and Brundo [11] and Peck et al. [12, 13] who found less mandibular tooth exposure in females than males at all ages.
The distance between incisal edge of the maxillary incisor and lower lip was least in horizontal growers and the maximum in vertical growers in both male and female. No correlations of distance between incisal edge of the maxillary incisor and lower lip were found with cephalomteric measurements in the vertical facial growth pattern group.
Interlabial gap
The interlabial gap was significantly more in males when compared to that in females in average and vertical facial growth pattern group. This was contrary to Rigsbee et al. [17] , Tjan et al. [1] , and Jensen et al [18] and is supported by a study done by Weeden et al. [15] , where the results demonstrated that males exhibited greater amount of facial movements than females thus increasing the interlabial gap on smiling.
Interlabial gap was significantly found to be maximum in vertical growers, followed by average and least in horizontal growers in both male and female.
Intercanine width
The intercanine width was more in males when compared to that in females in all groups but this difference was statistically significant only in the vertical facial growth pattern group.
Intercanine width was positively correlated with total width of visible maxillary teeth on smile of males in average and vertical facial growth pattern groups but not of males in horizontal growth pattern group. In males and females of vertical growth pattern group, the intercanine width was positively correlated with smile width and total width of visible maxillary teeth on smile.
The intercanine width was found to be least in vertical growers when compared with horizontal and average growers in both male a females. Similar results were found in a study done by Grippaudo et al. [19] , in skeletal class II subjects. Changes in upper arch shape with intercanine diameter were proportionately smaller in patients with high angles and larger in low-angle patients.
Total width of all visible maxillary teeth
The total width of all visible maxillary teeth was significantly more in males when compared to that in females in all groups.
The total width of all visible maxillary teeth was negatively correlated with posterior corridor (left and right side) in all the groups indicating that in case of increased visible teeth during smile, the posterior corridor decreased. Due to the same reason, the total width of all visible maxillary teeth was negatively correlated with posterior corridor ratio in all the groups.
Smile width
The smile width was more in males when compared to that in females in all groups, but this difference was statistically significant only in the horizontal facial growth pattern group. This was contrary to the results of Rigsbee et al. [17] and Chetan et al. [20] who found that females On comparing smile width separately in horizontal and vertical facial growth pattern group with average facial growth pattern group, statistically insignificant difference was found in both males and females in both the facial growth pattern groups.
Buccal corridor
With regard to the buccal corridor of males when compared with females, the mean value was found to be more in case of males in all groups but was significantly more only in males in horizontal facial growth pattern group. A similar finding was reported by Maulik and Nanda [21] who found that females had less buccal corridor space than males.
As regards buccal corridor of the left side when compared with the right side, statistically significant difference was found which demonstrates that the buccal corridor was greater on the left side than on the right side. This finding is supported by the study done by Okamoto et al. [22] where it was found that the displacements of the right and left corners of the mouth during voluntary smile were asymmetric and the leftsided laterality was found.
Buccal corridor of the left side when compared with the right side, in vertical facial growth pattern group with average facial growth pattern group, was found to be significantly less in vertical facial growth pattern group in males but not in females. The above findings are supported by the results of Yang et al. [23] who found that FMA and LAFH were negatively correlated with buccal corridor.
The buccal corridors (left and right) were positively correlated to each other indicating that if the buccal corridor was increased on the left side, it would increase on the right side as well, in all the groups irrespective of the age. A similar finding was observed by Krishnan et al. [6] showing a high correlation between the right and left buccal corridor spaces in both men and women. It was also positively correlated with posterior corridor (left and right) indicating that in case of increased buccal corridor, the posterior corridor also increased. No correlation was found between the total anterior facial height and the buccal corridor space similar to the findings of Yang et al [23] .
Posterior corridor
Posterior corridor of males, when compared with females, was found to be less in case of males in horizontal and average facial growth pattern groups but was statistically significantly less in males in vertical facial growth pattern group. On comparing posterior corridor of the left and right sides, statistically significant difference was found which indicate that the posterior corridor was greater on the left side than on the right side. This finding is supported by the study done by Okamoto et al. [22] where it was found that the displacements of the right and left corners of the mouth during voluntary smile were asymmetric, and the left-sided laterality was found.
Posterior corridor in vertical facial growth pattern group, when compared with average facial growth pattern group, was found to be significantly less in vertical facial growth pattern group in both males and females. On comparing buccal corridor of left and right sides in horizontal facial growth pattern group with average facial growth pattern group, it was found to be insignificantly different in both males and females.
The posterior corridors (left and right) were positively correlated to each other indicating that if the posterior corridor was increased on the left side, it would increase on the right side as well, in all the groups irrespective of the age.
Upper lip vertical
Upper lip vertical length in males and females demonstrated an insignificant difference in all the groups.
Upper lip vertical length of horizontal facial growth pattern group, when compared with average facial growth pattern group, indicated that upper lip vertical length was 
Lower lip vertical
For lower lip vertical length in males when compared with females, statistically significant difference was found showing increased lower vertical lip length in males in all the three groups.
With regard to the lower lip vertical length in horizontal and vertical facial growth pattern group when compared with average facial growth pattern group, no significant difference was found between the two groups in both males and females. In a study done by Joshi et al. [24] , the lip position in relation to various malocclusions was studied which showed a significant difference in the sagittal lip positions in different skeletal malocclusions. Thus, it can be inferred vertical as well as the sagittal skeletal features influence the overall soft tissue drape.
To homogenize the sample, only class I subjects were selected. Increasing the sample size randomly followed by categorizing them based on Angle's classification and using regression model to compute additional variables could further improve the study. The use of a three-dimensional methodology [25] can be used for analyzing anthropometric characteristics of soft tissue of face.
Conclusions
From the analysis and obtained results, the following conclusions can be drawn: upper incisor exposure, incisal edge to lower lip distance, interlabial gap, upper vertical lip length, and occlusal plane angle, than average facial growth pattern group in both males and females; whereas, the smile index and posterior corridor (left and right) were statistically significantly less in vertical facial growth pattern group in both males and females. 4. Intercanine width exhibited positive correlation with total width of all visible teeth during smile in average facial growth pattern group of males and in vertical facial growth pattern group of both males and females. 5. Smile width was positively correlated with posterior corridor (left and right) and buccal corridor (left and right) in all the groups in both males and females. 6. Buccal corridor of the left side was positively correlated with buccal corridor of the right side and posterior corridor of both sides in all the groups in both males and females. 7. Posterior corridor of the left side was positively correlated with posterior corridor of the right side in all the groups in both males and females. 8. Posterior corridor ratio was positively correlated with buccal corridor ratio in all the groups in both males and females. 9. Saddle angle and lower incisor to NB (angular and linear) were not found to be related to smile. 10. Upper incisor to NA (angular) was found to be positively correlated with upper lip vertical in females of all the three groups.
Additional file
Additional file 1: Correlation between smile parameters and skeletal parameters of males and females in different groups. Correlation between smile parameters and skeletal parameters of males in average facial growth pattern group, females in average facial growth pattern group, males in horizontal group, females in horizontal growth pattern group, males in vertical growth pattern group, and females in vertical growth pattern group. 
